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The 2-acetoxy-2-methylpropyl free-radical and the 
2-acetoxypropyl free-radical were investigated with the intention of 
gaining insight into the possibility of the 1 ,2-acetoxy migration and 
thesmmechanisim of the proposed nearrangement. The desired radicals 
were generated by the peroxide initiated decarbonylations of ¢- 
acetoxy -8-methylbutyraldehyde and g-acetoxybutyraldehyde. A 
second method of preparing the same radicals was by the reduction of 
1-chloro-2-methyl-2-propyl acetate and 1-chloro-2-propyl acetate 
with triphenyltin hydride. 

Rearrangement is found only in decarbonylation of £- 
acetoxy -6-methylbutyraldehyde , and the ratio of rearranged product 
to unrearranged product increases with decreasing initial aldehyde 
Covcenrca10ms el biceconcentrarionsdependence Nas been used as 
evidence in establishing that a bridged acetoxy radical is not involved 
but rather the rearrangement proceeds from a primary radicaltoa 
more stable tertiary radical. Explanations were offered in inter - 
preting the lack of observed rearrangement in the other reactions 


studied. 
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INR OUUG PTON 


Molecular rearrangements have received a great deal of 
attention in organic chemistry. Among rearrangements the nucleo- 
philic 1 ,2 shift, in which a group migrates with its pair of bonding 
electrons from one atom to an adjacent electron-deficient atom, has 
received the most attention. Phenyl, alkyl, hydrogen and halogen 
among other groups undergo 1,2 shifts by carbonium ion intermediates 
and have been the subject of considerable investigation (1). 

Much less studied are 1,2 free-radical rearrangments in 
which the migrating group moves to an atom bearing an odd electron. 
Walling (2) in his review of free-radical rearrangments, points out 
that (at least at ordinary temperature) free radicals show much less 
tendency to undergo rearrangement than do carbonium ions. In 
fact, rearrangements involving free-radicals have been known only 
since 1944 (3). Recently, many investigations of 1 ,2 free-radical 
rearrangements from one carbon atom to another have been carried 
out in solution and the results of these studies have been reviewed 
for the period 1936 to 1967 (4). 

Conflicting views as to the possibility of free-radical 
rearrangments involving a 1,2 hydrogen shift occur inithe literature. 
Glazebrook and Pearson (5) reported the rearrangement GL Lue 
iso-propyl radical to the n-propyl radical. These results however, 
were questioned by Kharasch, Kane,and Brown (6), Masson (7), 


Chilton and Gowenlock (8), Heller and Gordon (9) and Bellinge and 
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Gowenlock (10)... Kharasoh, Lambert,and Urry (11) later reported 
that treatment of Y-chloropropylbenzene with n-butylmagnesium 
bromide in the presence of sommnrots chloride gave trans-#-methyl- 
styrene (rather than allylbenzene) and trans -but-2-ene (rather than 
but-l-ene). These products were accounted for by 1,2 hydrogen 


shifts followed by subsequent disporportionation. However Slaugh 





C,H; CH» CH, CH, >  C,H,CH,CHCH, 





CH,CH,CH,CH, ae Ce CGE 


(12) suggested that the formation of trans-4-methylstyrene and 


trans-but-2-ene might have been due to subsequent migration of 





the double bond. Ihe most striking evidence pointing to the 
absence of 1,2 hydrogen shifts has been obtained by employing 
labelled atoms (deuterium and tritium) by Curtin and Kauer TES) e 
Brown and Russell (14) and Voevodsky, Lavrovskaya, and 
Mardaleishvily (15). This evidence indicates that mouly,c ny drogen 
shift has been soundly proved and rearrangements of this kind must 
be considered to be unlikely. Despite this some authors still 
assume that such a rearrangement is possible (12, IMS) RED Bs 
Contrary to the behavior of carbonium ions which often 
rearrange by the shift of alkyl groups, hydrocarbon radicals in 
Solution are rather stable in this respect. Thus, neopentyl (18) 
and neohexyl (19, 20) radicals produced by various means fail to 


give rearranged products. Bromination of 2 ,2,4,4-tetramethyl- 


pentane under ultraviolet light at 200° (21) yields a product 
postulated as 2-bromo-Z ,3,4,4-tetr amethylpentane formed 
presumably as a result of the rearrangement of the initially formed 


radical to the tertiary one by a 1,2 shift of the methyl group. 
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The assignment of the structure of the product, however, has been 
questioned by Walling (22) and an investigation Carriecdnoutspy 
Backhurst (23) failed to provide any evidence of such a rearrange- 
ment. Dominiguez and Trotman-Dickenson (24) observed the 
formation of rearranged products in the addition reactions of iso- 
propyl and t-butyl radicals to acetylene, and also postulated the 
shift of the methyl group in the intermediate alkenyl radicals. noise 
however can be explained by rearrangement via a 1,2 vinyl group 
migration (25). The rearrangement of alkyl radicals with cleavage 
of C—C bond requires considerable activation energy, andi setheres 
fore unlikely to occur in the liquid phase at moderate temperatures 
(26): 

In a series of publications, starting from 1951, Nesmeyanov 
and his co-workers (26 - 32) have demonstrated the facile 1,2 
migration of chlorine in polyhalogenoalkyl radicals in the liquid 
phase. Kharasch, Rossin, and Fields (33) reported that the 


peroxide- and light-catalyzed addition of hydrogen bromide to 
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oF o- Tichloropropene gave a product diiferent from the known 
Pripetrienloro-2-bromopropenem which he considered to be 1,1 ,1- 
trichloro-3-bromopropene, Subsequently this material has been 
prepared by another route and Nesmeyanov (26) has shown that the 
addition product is actually 1,1 ,2-trichloro-3-bromopropane , 
suggesting that it is formed via the reareanvement of the radical 


CH,BrCHCCl to CH, BrCHCICCly. Radical additions of mercaptans 


3 
(34) to trichloropropene also give rearranged products while addition 
of bromotrichloromethane (35) gives a mixture of products which 
can be accounted for by the following scheme. 
CCl,° a pegs 

CC123CH,—-CH-CCl3 


i ie a 


Poeun a sche)? CC1,CH2CH =CClz + Cl: 


CC13Br CHCl, 


CCl CH,CHCICCI,Br 


3 e 
CC1,CHCH,Cl 


CCl,Br 


CCl,BrCH C1CH,Cl 


or 


CC1,CHBrCH Cl 
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Rearrangements during radical additions to analogs of trichloro- 
propene have also been noted e.g. with 1,1 ,l-trichloro-2-methyl- 
propene (29), 2,3,3-trichloropropene (20 )\manduceS soe -teteacnloro- 
propene (30). In these cases the variety of products evidently arises 
from sequences similar to but more complicated than those shown 
above (36). Nesmeyanov has also reported (34) that irradiation of 
2-bromo-3 ,3,3-trichloropropene leads to complete isomerization to 
1,1,2-trichloro-3-bromopropene. The isomerization also occurs 
spontaneously on standing and is inhibited by hydroquinone or 
dimethylaniline , indicating it is a radical chain process. hiven 
more striking examples of radical chain processes which seem 
explicable only in terms of 1,2 halogen shifts have been described 
by Urry and Eiszner (37) in the photochemical reaction of diazo- 
methane and many polyhalomethanes. Typical is the reaction with 
carbon tetrachloride which gives pentaeritritol tetrachloride , 
C(CH,Cl)4 in 60% yield. The reaction is evidently a radicalechain 
process since a quantum yield of 300 at Om has been observed. 
Analogous products are obtained with bromotrichloromethane , 
chloroform, and methyl trichloroacetate (37) but brominated and 
iodinated methanes react differently (38). This is because bromine 
atom elimination from the CBr2CH,° radical occurs more rapidly 
than rearrangement (39). At lower temperatures the competition 
between bromine atom migration and elimination apparently becomes 
more favorable. Thus Skell, Allen, and Gilmour (40) have reported 


that at -78°, t-butyl hypochlorite chlorination of either n-propyl or 
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iso-propyl bromide gives 1-bromo-2-chloropropane, and similarly, 


both iso-butyl and t-butyl bromide give ]1-bromo-2-chloro-2-methyl- 





propane. Recently, Haag and Heiba (41) have reported that 
C,HjO! + CH,CHBrCH, re eee Oia 2CHpCBBrTCH, 
‘CH, CHBrCH, > CH,BrCHCH, 
CH,BrCHCH; + CyHgOCl —-———> CH2BrCHCICH, + C4HgO0° 


photochlorination of t-butylbromide with t-butylhypochlorite at a7 ie 
yields not only 1-bromo-2-chloro-2-methylpropane but also I-chloro-2- 
bromo-2-methylpropane. Moreover, the proportion of I-chloro-2- 
bromo-2-methylpropane in the reaction products increases with 
increasing hypochlorite concentrations. These results demonstrate 
that 2-bromo-2-methylpropyl radical is a true intermediate in the 
photochlorination and can be intercepted via Cl-transfer from 
t-butylhypochlorite. The formation of 1-bromo-2-chloro-2-methyl- 
propane was interpreted as the result of bromine atom elimination 


from the initially formed radical and readdition to the double bond 





so formed. Evidence for the occurrence of bromine atom 
CH, CH, 
| ae + B 
Hc — heey = > H,C —C—=CH, re 
Br 
Or GH 


*- 
jb 4 
i.) 

| 
| { 


apts 








wee or 
Cree CH Dre = toBuOCia= > HAG Ce CH Br 4 ot bu@- 
ie | : te 
Cl 


elimination was obtained from the photochlorination of t-butylbromide 
at -78° in the presence of allene which acted as scavenger for free 
bromine atoms, The yield of bromochloropropenes were 42% at 

the expense of 1-bromo-2-chloro-2-methylpropane. 

In 1944, Kharasch, Lambert, and Urry (42) showed that 
treatment of 1-chloro-2-phenyl-2-methyl propane (neophyl chloride) 
with phenylmagnesium bromide in the presence of cobaltous chloride 
led to a mixture of hydrocarbons in 55% Vieldeahaliionwhich had 
rearranged. Later, a similar rearrangement was investigated by 
Winstein and Seubold (43) who studied the decarbonylation of 3-phenyl- 
isovaleraldehyde initiated by di-t-butyl peroxide. They obtained 90% 
carbon monoxide and 70% of a 1:1 mixture of t-butyl and iso-butyl 
benzenes, and interpreted the result in terms of the sequence shown 
in equations A-D. Equation C shows the rearrangement of the 


intermediate 'neophyl" radical by a 1,2 shift of the phenyl group. 





oe i 
Ae ot A al ee ee + CO (A) 
CH, CH, 
ie CH, Tie CH, ° 
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ee cae 
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ArCH,C: + Ar-C~CH,CHO >ArCH,—-CH + Ar—C-CH,C: (D) 
| | | 

CH, CH, CH, CH 
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Subsequently Seubold (20) showed that the decarbonylation and 
rearrangement are successive steps and that the 'neophyl” radical 
has independent existence. When the concentration of aldehyde 
increased from 1M to 6.4M (pure aldehyde), the ratio of iso-butyl- 
to t-butylbenzene increased from 1.3 to 4.0, showing that the 
rearranged product is concentration dependent. However, the 
ratio was essentially temperature independent, indicating that 
equations B and C have comparable activation energies. Recently, 
Trecker , Hartzler, and Urry (44) found that the free radical chain 
reaction mechanism proposed (20, 42, 43) was too simple and 
suggested that a reaction resulting in the formation of ketonic 
products at lower temperature should be added. For example, 

the peroxide initiated reaction of 4~methyl-4-phenylpentanal at 100° 
gives 18% 4,4-dimethyl-1-tetralone and 18% 4-methylvalerophenone 
and only 30% of the product of decarbonylation 2-methyl-2-phenyl 


butane. 
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10 


Ifiscetoupe noted that rearrangement in the opposite direction, 
namely of the tertiary radical 1 ,1-dimethyl-2-phenylethyl (prepared 
by decarbonylation of 2 ,2-dimethyl-2-phenylpropionic aldehyde) to 
the primary "neophyl" radical, does not take place (45). The high 
stability, of the product radicalis not however , necessarily the 
driving force for rearrangement, Since™itihas been shown, for 
example, that a ee C radicals undergo rearrangement 
to Du gic eat radicals (40,47) | With the phenylethy] 
radical there are no structural factors favouring rearrangement. 

There are many results pointing to the importance of the 
lifetime of the radical on the extentiob#its;rearprangement., Thus, 
Winstein, Heck, Lapporte, and Baird (48), Slaugh (12) and Wilt and 
Philip (49) have shown that the extent of rearrangement on decarbonyl- 
ation of aldehydes decreases on addition of a good hydrogen donor 
e.g. benzyl mercaptan or thiophenol. The chain-transfer constants 
for mercaptans are known to be considerably higher than those of 
aldehydes. Therefore, addition of mercaptan decreases the liteimie 
of radicals so that they are unable to Lacy Slaugh (12) has 
proved this point by showing that on decarbonylation of 3-phenyl- 
propanal in the presence of S-tritiobenzyl mercaptan the side chain 
of the resulting ethylbenzene contained tritium. Seubold (20) has 
explained the absence of rearrangement (50) in the liquid phase 
chlorination of t -butylbenzene by sulphuryl chloride as being due to 
the fact that the reaction of the neophyl radical with sulphuryl 


chloride is faster than rearrangement. 
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Recently , the relative migration rates of six aryl groups 
in the reaction of substituted neophyl chlorides with ethylmagnesium 
bromide and cobaltous chloride were determined by Ruechardt and 
Trautwein (51). They found excellent agreement with the values 
obtained from peroxide-catalyzed decarbonylation of substituted 
neophyl aldehyde (52). 

In general, the only groups unambiguously known to 
undergesntramolecular 1,2 shifts to radicalicenters are phenyl and 
enlorine.. = heres littlevevidence to support alkyl or hydrogen shifts 
in known mono-radical systems at ordinary temperatures. However, 
there is growing evidence for the migration of other unsaturated 
fuMetions .. ce veral 6xampiessor l 2 vinyl shifts have been reported 
(on0 4) eeoimilarly,.! cl acylumictations, which might be thought 
of as the oxygen analog of vinyl migration, have been reported in 
twoounstances (55, 50). 

In view of the considerable interest in the 1 ,2 free-radical 
rearrangements, it was decided to investigate the possibility of the 
occurrence of the previously unknown 1,2 acetoxy shift. The 
2-acetoxy-2-methylpropyl radical, (1), and the 2-acetoxypropyl 


radical, (2), were selected for this study because intramolecular 
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migration of acetoxy group from a tertiary carbon atom to a primary 
carbon atom with the formation of a thermodynamically more stable 
fertiany aS )peracdical could te observed in radical 1 and rearrange- 
ment of the same group from a secondary carbon atom to a primary 


carbon atom with the formation of a secondary, (4) , racicalecoula pe 


observed in radical 2. 


CH, fi 


CH,—C —CH_OAc CH —C—CH,OAc 
3: 2 Sian 2 


2 e 


The desired radicals were generated by the peroxide 
initiated decarbonylations of g-acetoxy-s-methylbutyr aldehyde, (5), 


and s-acetoxybutyraldehyde, (6). A second method of preparing 





Gi H 
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the same radicals was by the reduction of 1-chloro-2-methyl-2-propyl 





abe 


acetate, (7), and 1-chloro-2-propyl acetate , (8), with triphenyltin 
hydride A considerable body of evidence has been accumulated by 
Kuivila and his coworkers (57) establishing the free-radical chain 


MatUnewOr tne 1 cduction or organic Malides by this reagent. 
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(5). 


The aldehyde, 5, was prepared by ozonolysis of 2-methyl- 
4-penten-2-yl acetate, (9). The procedure followed is outlined in 


Scheme 1. It was originally hoped to convert the alcohol, 10, 


Scheme 1] 
Mg 
CH,—CHCH,Cl —-> CH,=CHCH,MgCl 





HO 
kn ne 2 a a 
(OP Ome CH CHMye) > (CH), CH, CH=CH, 








OH 
10 
NaO Ac O02 
= as Cr G_-CHeCcEo 
noe > (CH,)>5 | CH, CH CH, > ( 3)> : 3 
é OAc OAc 
9 5 


directly to the desired aldehyde by ozonolysis followed by acetylation 
of the intermediate hydroxyaldehyde. However, ozonolysis gave a 
mobile liquid which changed rapidly to a wax-like solid which was 
proposed to be the dimer of &-methylacetaldol , (11). This melted 
on heating and could be distilled with regeneration of the mobile, - 


monomeric form which solidified within a short time (0.5 - 2 hr) (58). 


Consequently , this route was abandoned because acetylation of 
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compound 11 would give the coruespondine diacetate, 
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Conversion of 10 to 5 was finally achieved by preparing 
the olefin, 9, followed by ozonolysis. The acetylation step was 
carried out at low temperature to prevent elimination and required 
a reaction time of one day and a large excess of sodium acetate and 
acetic anhydride. After ozonolysis, the crude product presented 
another difficulty for partial decomposition resulted from distillation. 
Purification by glpc at 100° proved unsuccessful for the same reason. 
Purification by glpc at low temperature (ca. 60°) was successful in 
getting a more pure compound, however, the process was extremely 
time consuming and the yield was too little to have any practical 
value. The least amount of impurities (~4%, mainly acetic acid 
and g-methylcrotonaldehyde) was achieved by using spinning band 
distillation under vacuum (31 mm). 

It was necessary to determine the thermal stability of the 
aldehyde, 5, and its expected free radical decomposition products , 
t-butyl acetate and iso-butyl acetate under the conditions that were 
to be used for the free radical decomposition of the aldehyde, 5. 


The results of this study are presented in Table 1. 
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The aldehyde, 5, was found to decompose thermally only to acetic 
acid (3.4%) and g-methylcrotonaldehyde (9.5%) (reaction 1), but 
in the presence of benzoyl peroxide as a free radical initiator 
t-butyl acetate and iso-butyl acetate were also formed (treactien 2). 
The latter two compounds were found to be completely stable under 
the reaction conditions with or without benzoyl peroxide added and 
the starting acetates (ca. 100%) were recovered after the reaction 
(reactions 3-6). It was also suspected that iso-butylene could 
be formed in the reaction and that its reaction with acetic acid would 
give t -butyl acetate and/or iso-butyl acetate. However, iso- 
butylene and acetic acid in the presence of benzoyl peroxide under 
the same reaction conditions produce neither t-butyl acetate nor 
iso-butyl acetate and both reactants were recovered (see experimental 
section). This was proved by comparing the glpc analyses before 
and after the addition of authentic acetates to the reaction mixture. 
Having carried out this preliminary study and found that 
two isomeric acetates were obtained, a detailed study of the reaction 
was performed. The same reaction conditions were used as. insihe 
preliminary study. The results of this study are presented in 
Table Il. Chlorobenzene was originally used as the solvent (reactions 
11, 13, and 15) because it is known to be relatively inert to free 
radical attack (59). Benzene was later used as the solvent (reactions 
7-10, 12, and 14) because a better material balance could be obtained 
(see next section). The concentrations of the starting aldehyde, 5, 


were varied because we wished to investigate whether the ratios of 
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iso-butyl acetate to t-butyl acetate in the product were dependent on 
the initial concentrations of the starting aldehyde. These ratios 
were found to increase from 0.09 to 0.66 as the concentrations of 
aldehyde 5 in benzene decreased from 207.0 x (One TOSLOa Omex ou 
Acetic acid was present in all samples except the most dilute one. 
iso-Butylene was not detecien among the products in any of the 
reactions. This again was proved by comparing the glpc analyses 
before and after the addition of iso-butylene gas into each reaction 
mixture. 

When chlorobenzene was the solvent (reactions 11, 13, and 
15) only a poor material balance could be obtained. The reason for 
this is that ¢-methylcrotonaldehyde, the elimination product of 
aldehyde 5, could not be detected in the reaction mixtures because 
it could not be Séparated irom chlorobenzene on any of the glpc 
GOMumius uscd, wAttempts fo utilize the UV spectrum to estimate 
e-methylcrotonaldehyde concentration was unsuccessful since chloro- 
benzene and ¢-methylcrotonaldehyde absorb at approximately the 
same frequency. The reactions were repeated in benzene (reactions 
7-10, 12, and 14) and 95% of the starting aldehyde ,5, was accounted 
fOr-in thesmost) concentrated sample. 

The selection of glpc columns for the analysis of the 
reaction mixture presented another difficulty. Among more than 
ten columns attempted, the most satisfactory analyses were obtained 
by columns made of 10% Ucon Polar, 10% SE-30, and 3% SF-96. 


However, none of these columns could separate all the compounds 
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present in each reaction, Two columns, 10% Ucon Polar and 
3% SF-96, were therefore used for the analysis of each reaction 
mixture. 


Preparation and decarbonylation of f-acetoxybutyraldehyde (6). 








Having found that acetoxy group on a tertiary carbon 
atom underwent 1,2 migration to a primary carbon atom, we wished 
to investigate the possibility of acetoxy group rearrangement from 
a secondary carbon atom to a primary carbon atom. 

The aldehyde, 6, had previously been prepared in 1943 
by decomposing the diacetate of the dimeric aldol, (12), at 210° and 
50 Torr. (60). However the overall yield was very low due to the 


difficulty in making this compound. 
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ltwas necessary towprepare pure monomeric aidoljor 
dimeric aldol from commercially available aldol by drying with 
calcium chloride and repeated distillation (61). This was a complete 


failure because the distillate was a viscous mixture of compounds and 
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polymer which could not be identified. Aldol prepared from two other 
Met nodamoces oojegave no bettensmesulis.. — Acetylationsof theimpure 
aldol was carried out as by Sputh (60) but no analytical means could 
be found to identify the product as the desired diacetate of the dimeric 
aldol. These difficulties prevailed because acetaldol exists in 

many forms (64-69) and distillation of sample of commercial acetaldol 
or acetaldol which had been permitted to age for several weeks gave 
resins and distillates containing unsaturated compounds (70). An 
extremely small amount of pure monomeric acetaldol has been 
obtained by distilling freshly prepared aldol under reduced pressure 
as rapidly as possible (71), but it is not feasible in a large scale 
synthesis as ours. 

The problem of dimerization of the starting material 
resembled that encountered in the preparation of compound 5. A 
similar synthetic method was therefore used. This is outlined in 
Scheme 2. Acetylation by acetyl chloride in N ,N-dimethylaniline 
was used (72). This method gives a better Waele and shorter 
reaction time than acetylation by sodium acetate and acetic anhydride. 
Peroxide initiated decarbonylation of the aldehyde, OF Was Garnied 
out in exactly the same way as the decarbonylation of compound 5. 
Table III shows all the products obtained. 

An anomalously large amount of elimination product, 
crotonaldehyde , was formed from aldehyde 6 compared with the 


amount of elimination product observed for compound 5. Aeetic 
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acid was present in all samples but in smaller quantities than 
crotonaldehyde. A small amount of iso-propyl acetate was found 

as a product in these reactions but n-propyl acetate could not be 
identified in any of the reaction. This was proved by glpc analyses 
before and after the addition of n-propyl acetate to the reaction 
mixture. Consequently no evidence for a free radical rearrangement 


was obtained in this system.- Between 78-88% of the starting aldehyde 
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Powe eccommec| TOT as cither procucis or unreacted aldehyde. 
Therproducts are listed in Table II. 

aMealterneative method or generating free radicalessuitable 
for rearrangement was nowattempted. The reduction of alkyl 
chloride with triphenyltin hydride has been shown to be a free 
Kadical process (57) and generates free radical by the mechanism 
Wile lsbe discussed in more detail Vater.) In order to make the 
desseecapadicals to try to observe rearnmangement, it was first 
Hececeary to prepare the appropriate chlorides and triphenyltin 


hydride. 


uae ety tin lyon ides 








isuivile (j/3) prepaged triphenyltin hydride by reduction of 


teipreny tin chloride with lithium aluminum, hydride in ether. 


ether 
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propyl acetate, (7), with triphenyltin hydride. 





The chloride, 7, was obtained from the corresponding 
alcohol, [5, using a modified procedure of Palomma (74) (Scheme 3). 
Alcohol 15 was prepared by adding an ethereal solution of ethyl! 
chloroacetate to a solution of methylmagnesium bromide. 


Acetylation was carried out by acetyl chloride in N ,N-dimethylaniline 
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CH, 
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aspreported by Hauser (72). .Runification of the chlorides, ie was 


bestcanricd outibypdistillationgatireduced pressure, 
Recently4—CGristol and Barbour (75) reported that reaction 

of 3,5-cyclochlolestan-6-yl chloride, (16), with triphenyltin hydride 

gives a mixture of 5-chloestene, (17) » and 345-cyclachloestane, 

(18). The results have been interpreted in terms of the formation 

of intermediate classical radicals which have the option or rearrange- 

ment or capture of hydrogen atom from triphenyltin hydride. The 

ratios of 17 to 18 increase as the concentrations of the triphenyltin 


hydride decrease when reacting with the same concentration 
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(=80 mole %) of chloride, 16. They suggested that the lifetime of 
the radical before chain transfer is increased with lower hydride 
concentrations and there is therefore more opportunity for the 
occurrence of radical rearrangement. 

The reduction of the chloride, 1G was carried out at 
progressively lower hydride concentrations in order to lengthen the 
lifetime of the radical before chain transfer as in Cristol's experi- 
ment (75). 

The experiment was first performed without AIBN (azo- 
bisisobutyronitrile) at various temperatures and with UV light (quartz 
ampoule was used). Glpc analyses of the resultant reaction mixtures 
showed no reduction occurred under these conditions. 

Kuivila (76) has found that AIBN is necessary to act as an 
initiator in the reduction of simple alkyl halides by triphenyltin hydride. 
AIBN (1.5 mole %) was therefore added as a free radical initiator 
which was decomposed photolytically. When triphenyltin hydride 
was dissolved in n-pentane, a small amount of white precipitate was 
observed. This was the decomposition product of triphenyltin hydride 
(77) and will be discussed in more detail. As the reaction proceeded 
more and more fine white solid accumulated at the bottom 
and on the inner surface of the ampoule. Frequent shaking was 
employed to ensure a constant flux of light reached the solution. The 
products of the reaction are listed in Table IV, from which it may be 
seen that in all cases t-butyl acetate was the sole reaction product 


and in no case was the rearranged product, iso-butyl acetate, formed 
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(reactions 19-22). The absence of iso-butyl acetate was verified by 
comparing the gloe analyses before and after the addition of authentic 
decoultyl acetate to the reaction mixture. 

The stabilities of t-butyl acetate and iso-butyl acetate 
WemeralsO determined under the reaction conditions usediior the 
reduction of the acetate,8. The two compounds were found to be 
Gormpletely stable and all starting acetates were recovered after the 
reaction (see experimental section). 

It was also suspected that the absence of iso-butyl acetate 
muthesreaction product was due to thethiph comcentration of tripheny!l- 
tin hydride. Photo-initiated reduction was therefore carried out by 
adding triphenyltin hydride at an extremely slow rate (7 x ies M/min.} 
to a solution of the acetate, 8, in n-pentane (see) high cilation experz— 
ment). Once again the only product found was t-butyl acetate. 

Since no iso-butyl acetate was Cbsexvedinvany reaction, 
and t-butyl acetate and iso-butyl acetate ithe presence of Urupheny |= 
tin hydride were stable under the reaction conditions, no further 
endeavour at material balance was attempted. 

Preparation and reduction of US chioro=2-propy) acetate (8), with 








triphenyltin hydride. 





The desired chloride, 8, was obtained from the corres- 
ponding alcohol which was available commerically., “ihe purposes 
of this experiment was to test the conclusion drawn from the peroxide 


initiated decomposition of aldehyde (eh that a secondary acetoxy group 


‘ 


oe 


[ies 


ot) IPSS 
osTslyatas 


) epee se 


1 adh 
0a yh 12 
4 yorhie 
‘ctl a as 


. (cae 











29 





CH, as 
| NaOAc S | 
H—-C—CH,Cl oa coe Clee CGH! 
| é raver ®) 3 | 2 
OH é OAc 
eS 


eoesmorundergo |; 2 migration, Reduction was carried out in the 
Samenmway as tne reduction of ichloride — i1s0-Propyl acetate was 
the only product o>tained even with extremely dilute triphenyltin 
hydride concentration. The products are presented in Table V. 
The absence of n-propyl acetate was also verified by comparing 
the clpc analyses before and after the addition of authentic n- 


propyl acetate to the reaction mixture. 
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DES CU Sia ON 


Peroxide initiated decarbonylations of aldehydes have 
been widely used in generating radicals of known structures and in 
studying the possibility of rearrangements (12, 20, and 43-50). 

The mechanism of decarbonylation has been cited infsome detanyin 
the introductory section. 

The results in Table I show that aldehyde 5 (reaction 1) at 
75. without benzoyl peroxide gives acetic acid and ¢-methylcrotonalde- 
hyde only. In the presence of benzoyl peroxideiunder the same 
reaction conditions (reaction 2), decarbonylation of the aldehyde, 5, 
yields t-butyl acetate and iso-butyl acetate in addition to these 
elimination products. t-Butyl acetate and iso-butyl acetate are 
thermally stable under the reaction conditions even with the addition 
of benzoyl peroxide (reaction 3-6). Also, iso-butylene and ee 
acid in the presence of benzoyl peroxide produce neither t-butyl 
acetate nor iso-butyl acetate. Thus the formation of t-butyl acetate 
and iso-butyl acetate is the result of free-radical decarbonylation 
of the aldehyde, 5, and no secondary reactions occur after their 
formation. Since no iso-butylene was found in any reaction, it follows 
that radical 1, radical 3, t-butyl acetate , and iso-butyl acetate must 
all be stable towards elimination. Therefore, elimination occurs 
exclusively from the aldehyde, 5. 

Having found that rearrangement could indeed occur in the 


system under study, further experiments were carried out to deter- 
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mine the mechanism of the rearrangement process. At least three 
direrent modes) of radical rearraneem enti can) belformulated to 
explain the formation of iso-butyl acetate and t-butyl acetate from 


decarbonylation of the aldehyde ‘ De 
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Mode A is a two step process consisting of fragmentation 
to an acetoxy radical and an olefin followed by recombination to give 
the rearranged radical, 3. We may exclude this mechanism as the 
rearrangement pathway because iso-butylene is detected in neither 
the thermal decomposition of the aldehyde, 5, nor in reduction of 
the chloride, 7, by triphenyltin hydride. If mode A were operative, 


a certain amount of olefin might be expected to escape recombination 
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and should be detected in the product. Furthermore tle rate 
constant for decarboxylation of acetoxy radical at 60° is calculated 
to be 1.6x 10” a (half-lifetime of the acetoxy radical 4.3 x Oma: 
sec) (78), and the rate constant of radical additions to vinyl monomers 
is uSually less than IQ ah Mole sesacae (79). Since the two rate 
constants differ by nearly er addition of acetoxy radical to iso- 
butylene is unlikely to occur. This rationalization may not be 
absolutely correct, because % complex formation between acetoxy 
radical and cyclohexene rather than a direct radical addition to the 
double bond (80) has been proposed as the intermediate in acetoxy 
radical addition to cyclohexene (81). 

Both mod eyByand mode"G, are antramotecular processes. 
Puce yvediitersinony each other in that mode B represents an inter — 
mediate or energy minimum while mode C represents the transition 
state or energy maximum along the route by which radical 1 
rearranges to radical 3. 

Skell, Tuleen, and Radio (82) have suggested the existence 
of non-classical radical intermediates. They found that bromination 
of 1-bromo-2-methylbutane differs from chlorination of the corres- 
ponding chloride in two important respects. First, bromination is 
selective and yields only 1 ,2-dibromo-2-methylbutane, whereas 
chlorination is a reaction of low discrimination and all possible 
dichlorides are produced. Second, bromination of (+)-1-bromo-2- 
methylbutane yields (-)-1,2-dibromo-2-methylbutane of high optical 


purity , whereas chlorination of optically active (+)-1-chloro-2- 
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methylbutane produced inactive 1 Wediichloro-cemethylsutane: 
These differences have been interpreted in terms of a mechanistic 
scheme wherein the bromine substituent assists the departure of the 
tertiary hydrogen atom. This assistance manifests itself in the 
formation of a bridged radical, which is capable of maintaining its 
stereochemical configuration until reaction with molecular bromine 
occurs. Recently, Warkentin and Sanford (83) report the evidence 


that 7-norbornenyl is a non-classical radical, since reduction of 
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either syn- or anti-7-bromonorbornene with tri-n-butyltin deuteride 


in hexane leads to the same /-deutenionorbornenc. se Lhewm2elces 





about 80% and there are no other volatile products. 


Walling (84) has made an attempt to elucidate why in some 
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cases the rearrangement involves 1 ,2 shift (aryl, chlorine) and in 
the other cases does not (alkyl, hydrogen) by assuming the possibility 
of intermediate formation of a triangular "non-classical" radical. 
The rearrangement of radicals always competes with the other 
possible conversions such as dimerization, disproportionation, 
decomposition with the formation of a molecule and a smaller 
radical, intermolecular reaction chain transfer etc. Re neciore:, 
it was argued, the triangular state must be less energetic than the 
transition states for these processes, and hence must be stabilized 
by the delocalization of the odd electron. As to the formation of 
intermediate non-classical radicals with 1 ,2 shift of aryl oroup, 
the evidence and Suggestions available in the literature, as well as 
Walling's treatment of this point, seem plausible enough. It was 
postulated that the transition ee is stabilized by delocalization 

of the odd electron, and by the formation of anew ¢-bond in the 


cyclopropane ring, Walling has also suggested that, with chlorine 





shift, the intermediate might be stabilized by an expanded valence 


shell for chlorine. 
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It should be possible in principle to distinguish modes B 
and C by carrying out decarbonylation at various initial concentrations 
of the aldehye, 5. If mode B were operative, the non-classical 
radical formed is a resonance stabilized species. It will therefore 
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whatever the concentration of the hydrogen atom donor (aldehyde 5) 
and the ratio of t-butyl acetate to iso-butyl acetate should remain 
constant. On the other hand, mode C requires a competition between 
hydrogen abstraction by radical 1 and rearrangement of radical: 1 
to radical 3. Therefore slow chain transfer rates i.e. low hydrogen 
donor concentrations will favor rearrangement and the ratios of 
iso-butyl acetate to t-butyl acetate should risesas the, concentrations 
of the starting aldehyde are reduced. 

As seen in Table II, the ratios of iso-butyl acetate to 


t-butyl acetate are dependent on the initial concentrations of aldehyde 
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5. Aplot of aldehyde initial concentrations versus the ratios of 
iso-butyl acetate to t-butyl acetate is shown in Figure 1. Low alde- 
hyde concentrations favor the formation of iso-butyl acetate over 
t-butyl acetate. From these results, it is clear that these reactions 
cannot involve mode B as such an intermediate would yield the 
same ratio for all aldehyde concentrations. The intermediate must 
therefore be mode C since it favors rearrangement over hydrogen 
abstraction at low aldehyde concentrations. 

On the basis of the results of this study, the following 
mechanism can be proposed as a general description of the free- 


radical 1,2 migration of acetoxy group. 
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No rearranged product is found in decarbonylation of 
aldehyde 6 (Table IT) even in extremely dilute aldehyde concentration. 
This is unexpected because we would predict that radical 2 would 
rearrange in the same way as Gadiea! is since the stabilities of 
radicals decrease in the order AO a ik | Rearrangement 


occurs in radical 1 because the process involves the rearrangement 


of a primary radical to a more stable tertiary radical, In other 
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words, the stability of the tertiary radical provides part of the 
driving force for the rearrangement to occur. Curtin and Hurtwitze 
(85) has suggested that the factor which determines the fraction of 
rearranged product in decarbonylation is the rate of rearrangement 
compared to the rates of competing reactions of the unrearranged 
radical such as chain propagation by reaction with aldehyde or chain 
termination by dimerization or disproportionation. They conclude 
after studying the 1,2 rearrangements of four radicals that rearrange - 
ment can receive additional driving force by any change which 
stabilizes the rearranged radical or destabilizes the unrearranged 
radical with respect to the rearranged radical. Thus rearrangement 
does not occur in decarbonylation of the aldehyde, 6, may be due to 
the fact that radical 4 (secondary radical) is not as stable as radical 
3 (tertiary radical). Consequently it does not provide enough driving 
fomecstan the rearrangementitojoccur, 

Triphenyltin hydride is a rather unstable, viscous liquid 
which reacts with atmospheric oxygen to give hexaphenyltin (86) and 
_ decomposes to tetraphenyltin and metallic tin on Aes in sunlight. 
The original reports on the reduction of alkyl and aryl halides (87-89) 
by organotin hydrides have been followed by a number of papers 
concerning the scope and mechanism of the reaction. It is generally 
accepted that the reduction of simple halides proceeds by a free- 
radical chain mechanism (57) involving reactions M andN as chain- 
carrying steps and reactions O-Q as possible termination steps. 


Several lines of evidence support this formulation. The presence 
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of a tercovalent carbon intermediate can be adduced from the 
observations that optically active «-phenylethyl chloride with 
triphenyltin deuteride yields racemic x-deuterioethylbenzene; that 
a- and Y-methylallyl chlorides each lead to formation of mixtures 


of 1-butene and Gla and trans-2-butenes; and that reduction of 





propargyl bromide leads to formation of both propyne (85%) and 
allene (15%) at A omen thelabecncelat aeolvent (51) evidence thar 
the intermediate is a free radical follows from catalysis of the 
reaction by azobisisobutyronitrilé, and:from the fact'that it can be 
retarded by hydroquinone, 

Triphenyltin hydride is a good hydrogen donor and 
hydrogen transfer from triphenyltin hydride to organic radical inter - 


4 6 ] 


mediate is a fast process (k ~10 -10 M- ee Y) (90). Ingold 


and Carlsson (91) have shown that the absolute rate constant for 
hydrogen transfer from triphenyltin hydride to t-butyl radicals in 
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Significance for it indicates the approximate rate of intramolecular 
processes of carbon free radicals for which triphenyltin hydride can 
De usedasaiprobe. This is to say that if an intramolecular process 
(such as rotation about single bond or 1,2 migration) is much 

faster than the hydrogen transfer rate constant of triphenyltin 
hydride , the intermediate cannot be intercepted, but if the intra- 
molecular process is of the same order of magnitude as k [R ,SnH] 
or slower, then hydrogen transfer will occur more rapidly than this 
process, and trapping can be effected. 

The fact that only unrearranged product is found in the 
reduction of the chloride, 7, can be interpreted by the rapid hydrogen 
transiem process of triphenyltin hydride. The initially formed 
radical 1 from reduction is intercepted by hydrogen transfer before 
the occurrence of'rearrangement. The absence of rearranged 
product in the reduction of chloride 8 substantiates the results of 
decarbonylation of aldehyde 6. This can be explained by a combination 
of two factors. First, the initially formed radical is trapped by 
hydrogen transfer before rearrangement. Second, the secondary 
radical, 4, is not stable enough for rearrangement to occur (as 
discussed in detail before). 

In summary, 1,2 acetoxy group migration occurs only in 
decarbonylation of the aldehyde, 5, presumably because the 
rearrangement involves the formation of a tertiary radical from a 
primary radical and is favored energetically. That no rearrange- 


ment is detected in decarbonylation of the aldehyde, 6, may be due 
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to the fact that a secondary radical is not stable enough for the 
process to occur. The absence of rearranged product in reduction 
of chlorides 7 and 8 can be rationalized by the interception of the 
initially formed radical before rearrangement or the relatively low 
Stability of the secondary radical compared with the tertiary radical 


an theicase of the chloride, 8. 
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Bor RAN Ne TaAsTS 


I. Materials and Reagents 





Solvents 

n-Pentane was Eastman practical grade material. It was 
purified by vigorous stirring with portions of concentrated sulfuric 
acid until the acid layer remained colorless and was then distilled 
beep. BOR 22 (630 mm). Benzene was Shawinigan reagent grade 
material and was purified by repeated partial recrystallization. 
Chlorobenzene was supplied by Fisher Chemical Co. and was purified 
by spinning band distillation. Anhydrous ether was supplied by 


Mallinckrodt Chemical works. 


a eh ce compounds and standards 

Authentic compounds, for use as glpc standards, for 
comparing retention times with those of reaction products, and for 
obtaining reference spectra, were reagent grade materials used as 
supplied with the exception of #@-methylcrotonaldehyde which was 


prepared in exactly the same way as Burkhardt (92). 


Lie Method and Procedures 





General procedure for reactions 
Reaction ampoules were made of Pyrex tubes joined to 
10/30 joints, the total volume being about 10 ml. The ampoules 


were cleaned with chromic acid, distilled water, concentrated 
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ammonia and finally distilled water and then oven-dried at el 
In subdued light, the reaction mixture was added into the ampoules 
which were then degassed by three cycles of freeze-thaw at ca. 
107° mm, After degassing, the ampoules were sealed under 
vacuum , allowed to warm and then equilibrated at the desired 
temperature. The ampoules containing aldehydes were put ina 
constant temperature water bath at DE The ampoules containing 
the chlorides were immersed in a constant low temperature bath 


at 0° and were irradiated by a 300-W projector lamp placed ata 


Gistance of three to four inches from theyempoules:, 


Gas liquid partition chromatograph (glpc) 





Hor gipe analyses three instruiments werejused. The 
instruments and columns are described below. Throughout this 
work the glpc column support used was acid washed chromosorb W 
either 60/80 or 80/100 mesh. 

(1) Varian Aerograph model 1520 with flame and thermal 
conductivity detectors. Two columns made of stainless steel were 
used. 

Ga) 10" byl /s" Ucon Polani( 50) Mbec0e0)}n es 7c. 
(pyel0" byl 8! SF=967 5%. 

(2) Carlo Erba model GV with flame and thermal 

conductivity detectors. Five columns made of glass were used. 
(a) 6 1/2' by 1/4" Ucon Polar, 10%. 


(b) 6 1/2' by 1/4'' SF-96, 3%. 
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(c)i13" by 1/4" Ucon Polar, 10%. 

(yee by L/S F-96963 To. 

(ejals@ by 1/4'Gor > 30en 0%. 

(3) Aerograph model 1200 Hy-Fi III connected to an A.E. I. 

MS12. Three columns made of stainless steel were used. 

fa)PlOby 1/4" SE-30281 098 

(oy LOM by +li/.S'! UconsPolarams% 

(e)PRO™“ by al/ 8" Sk -9Cre5 cor 

Analysesawere carried outsinetriplicate., Peaktareas were 

measured either by multiplying peak height by peak width at one- 
half peak height, or by a planimeter if the peak did not resemble a 
Gaussian curve. — lhe planimeter was suppliediby Keuifel Msser Co. 
(Model 620022). The area ratio of the product to added bromo- 
benzene as a standard was used to calculate the concentration of the 
product present by multiplying the area ratio with known amount of 
added bromobenzene. The area ratio was corrected by a calibration 
factor which was obtained by comparing the area ratio with the mole 
ratio of an accurately prepared solution of the authentic material 
and bromobenzene inthe solvent used for the reaction. Retention 
time comparison and peak enchancement were obtained by the 
addition of authentic material to a portion of the sample and 
reanalysis by glpc. At least two columns were used to compare 


the retention time of each compound in the reaction mixture. 
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Spectral measurement 





Infrared (ir) spectra were recorded on a Perkin-Elmer 
Recording Infrared Spectrophotometer , Model 421 or eres Sieapies 
The nmr spectra are proton spectra. Chemical shift are expressed 
in @ units and are relative to tetramethylsilane (TMS, t= 10.00). 
The spectra were obtained on a Varian Associates A-60 instrument. 
Ultraviolet (UV) spectra were obtained on a Jasco Optical Rotatory 
Dispersion Recorder Model ORD/UV-5. 

Mass spectra were obtained on an.A.E.I. Model M512 
which was coupled directly to an Aerograph Model 1200 Hy-Fi III 
gas chromatograph by means of a Watson/Biemann helium separater. 
The total ion monitor acted as a chromatographic detector and 
drived a potentiometer recorder, Spectra could be scanned in 
2-3 seconds and the output was on a high speed uv oscillographic 


recorder. 


Physical Constants 


All boiling points are uncorrected. Refractive indices 


were measured on a Bausch and Lomb refractometer. 


Microanalyses 
Microanalyses were performed in the microanalytical 


laboratory , Chemistry Department, University of Alberta, Edmonton. 
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Preparations 


2-Methyl-4-penten-2-o01,(10) 





This was prepared by a modification of the method of 
Fischer (58). Magnesium turnings (50 g, 2 g. atom) under anhydrous 
ether (250 ml) were activated by the addition of a little ally) bromide. 
A mixture of 3-chloropropene (153 g, 2 moles) and pure acetone 
(116 g, 2 moles) in ether (250 ml) was added in portions to the 
swiftly stirred and ice-cooled suspension over 2 hr. Ice (200- 
400 g) was added cautiously to decompose the viscous reaction 


MWaerure. she ether layer was separated, dried (K,CO , Concentrated, 


3) 
and purified by distillation, giving 70% yield of the alcohol, 10: 

bp 112-115° (690 mm) flit. (58) bp 117-119°]; ir (film) 1640, 
Poe mes O70 tend 3 400zems ee eine (CDC1,)r4.1m, 1),+4.80 (m, 2), 


Peete et) 2s OO Vd, 2. J = hk. DCD S)570.00. (Ss 50), 


2-Methyl-4-penten-2-yl acetate (9) 

This was prepared by a modification of the method of 
Woarnis (93). \ A mixture of benzene (240 mil)),*the alconol, 10 
(7oeceo., 0. /ernole) , sodiumpacetate: (55 53079" 0.68 mole) sand 
acetic ahydride (163.2 g, 1.02 moles) was heated on a steam bath 
for 24 hours with stirring to prevent caking of sodium acetate. The 
reaction mixture was allowed to cool and was poured into cold water 
(1.0 liter). The upper layer was separated and allowed to stand 


for 2 hr over 5% sodium carbonate (500 ml) with frequent stirring. 


After washing with water (1.2 liters) the benzene was evaporated. 
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The residue was distilled under diminished pressure giving 40.2 ¢g 
(37%) of the olefin, Oe Veote 66-68° GlLA3ormam) sire (tala) e300 0R ZC oo. 
FAS0ean d.1 380 em”, nmr (CDCl) ged <4 OF (rie) eae On cid 
ieee On (ee? lee OL (Sams \ eto mobs. 0),. 


Amalie Galed,—1 07 Cg) 40: 


OPS ANS SEMIN AO veseiovel? FC), ten gctor 
oe epetee te 





@- Acetoxy-8-methylbutyraldehyde , (5) 
A stream of ozone in oxygen was bubbled through a 
mixture of 9 (28.4 g, 0.2 mole) and pure ethyl acetate (80 ml) at 
-60° to -80- for 2.5 bruni Ma pale binéssolutiommrecuited a. suchen, 
(100 ml) was added and the ozonide was reduced immediately at or 
with zine dust (20 ¢) and 50%.acetic acid. Thesacid solution was 
added in simall portions so that the temperature of the Sererion 
mixture remained at between WoeZz0ue The slurry of zinc and zinc 
salts was filtered off and washed with small portions of ether. The 
combined extracts were washed with portions of 5% sodium 
bicarbonate (20 ml) then water until the aqueous layer was slightly 
baaic. 1t was dried (MgSO,) ~coneentrated andidistilledsatpreduced 
pressure, affording 20 g (70%) of the aldehyde, 5; bp rae (iS eri) § 
ae 421. O eG (CCly) 2950 andah {50 em, nmr (CC1,) Om 3 
(emilee lnizecpe) nao eor (co tie 1¥3 cps) 4198S), 05) are oe cone 
ae aL Cd. stor CiH, 503: Grice: AG SEI Wieitinels (C, Gisacler 
Pie ool’. 
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4-Penten-2-o0l, (13) 





Thevcompound, 13, was prepared according to the procedure 
of Behnisch (94) with slight modification. In a 2-1] three necked 
flask, fitted with a mechanical stirrer , a separatory funnel, anda 
dry ice-acetone condenser protected by a calcium chloride tube 
were placed magnesium turnings (73 g, 3 g atom) under dry ether 
(125 ml). A solution of 3-chloropropene (191.25 g, 2.5 moles) in 
dry ether (125 ml) was added through the separatory funnel at such 
a rate that the reaction mixture was maintained at reflux. The 
neactiongmixture wasithen heated to reflux on aisteam bath for 1 hr. 
The flask was cooled to -5° and a solution of acetaldehyde (100 g, 

2-s moles) in-dryecther (125 ml) was added over asperiod of 1 hr 

at this temperature,.—-After addition of the acetaldehyde, the product 
was decomposed with crushed ice (1 Kg). The basic magnesium 
halide was dissolved by addition of 15% sulfuric acid (0.51). The 
ether solution was separated, neutralized with saturated sodium 
bicarbonate solution, dried with magnesium sulfate, filtered, and 
fractionally distilled, giving 31 g (36%) of the alcohol, 13; bp 112- 
ve (735 mm) [lit. (90) bp 114-116" (740 mm) | Lopate (CCl1,) 3080 

and 3400 cm™!;_ nmr (CCl) 74.2 (m, 1), 75.00 (m, 3), 76.0(m, 1), 


BimOA Tie 2)e TOsG (0s oe, ~ 3. 54Cps). 


4-Penten-2-yl acetate, (14) 





The acetate, 14, was prepared according to the procedure 


by Hauser (72) with modification. In a three necked 1-1] flask 


> 
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equipped with atreflux condenser, mercury sealed stirrer, anda 
dropping funnel were placed the alcohol, BORG OPO om ole |e 

NENG ciniethyleaniline(/0.3 9390, 5enmole), and dry ethers(100 ml). 
ihessolution was heated to réefluxeanaiacety! chloride (416 2, 10.53 
mole) was added to the stirred solution at such a rate that moderate 
reflux continued after the source of heat was removed. After the 
addition was completed, the mixture was heated on a steam bath 
POmiehr. cooled to room temperature mdissolvediin water (40. mil), 
andustirred until all)solid material had dissolved.” The ether layer 
was separated and extracted with portions (50 ml) of cold 10% 
sulfuric acid until the extract did not become cloudy when basified. 
After a final washing with saturated sodium bicarbonate (25 ml), 

the ether solution was dried with anhydrous sodium sulfate (4 g), 
allowed tosstand over Lrieriter(!0 o)tovernicht, filtered; concentrated, 
and distilled. The yield was 50%: bp ieee ie (69 Serii)); oe (CC14) 


CUR On OS0icrm ee enim (CCl. Jars scone) 500m 3 )s 
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e- Acetoxybutyraldehyde ,(6) 





The preparation of g-acetoxybutyraldehyde, (6), from 
olefin 14 followed exactly the procedure for the preparation of the 
aldehyde, 5, from the olefin, 9. The yield was 55%: bp 66-67" 


Oo 5 s 
(10mm); n&? 1.4183 [lit. (60) bp 70-72" (12 mm)] ;_ ir (film) 
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1-Chlor o-2-methyl-2-propanol, (15) 





This was prepared by a modification of the method of 
Palomeaand Kaski (74). Imeathree necked flask, equipped with a 
pressure-equalizing dropping funnel were placed magnesium turnings 
(24e0;,0l o atom)land anhydrous ether (250 ml). An ice cold mixture 
of methyl bromide (100 g, 1.05 moles) in anhydrous ether (500 ml) 
was added dropwise with stirring and the reaction started spontan- 
eously. The methyl bromide was added at such a rate that the 
solution boiled gently under reflux. After the stirred solution of 
methylmagnesium bromide was cooled to 0°, a solution of ethyl 
chloroacetate (30.50 g, 0.25 mole) in dry ether (50 ml) was added 
slowly. The mixture was then placed on a steam bath and boiled 
under reflux for 1 hr. The mixture was cooled and the intermediate 
was decomposed with ice (200-400 g). After the separation of the 
organic layer, the aqueous layer was washed with small portions of 
ether. The combined ether extracts were washed with water, 5% 
sodium carbonated and again with water, dried (MgSO,z) , concentrated 
and distilled, affording 26 g (95%) of 15: bp 125-127" (690 mm) 
flit. (95) bp 128] ; ir (flim) 780 and 3400 cm™'; nmr (CCl4) 75.90 


Comaieeno 55 (Seez)A. co..(0 (S500). 
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1-Chloro-2-methyl-2-propyl acetate, (7). 


—_— 





The synthesis of compound 7 followed exactly the procedure 
used for the preparation of the acetate, l4. ~The yield. was 28) ¢g 
(50%): bp 64-65° (4 mm); mcg 


D 
20 F 
D 1.42368] ; ir (film) 780 and 1750 cm _ abe werd ines 


Idec ilit, (74) bp 24-25mbo(2..5 mama) 


n T6.24 


4) 
(ope PeeccnO>h(s.03)) <8052.(o ole 


1-Chloro-2-propyl acetate, (8) 





hicsex per iment ollowed exeactiysthe procedure usediior 
the preparation of olefin 9 from alcohol 10 except that 1-chloro-2- 
propanol was the alcohol. The yield was 45%: bp 92283. (3S mana); 
n2* 1.4225 [lit. (96) bp 147-149° (745 mm), n{ 1.4223]; ir (CC1,) 
Te Ommle Orc ot Ovand. 1050 agentes peugees Tata Oli hen, Mie Acai Uel svn 


eORC S)P emer Ol OMoneS.) ,uetoe( (d.u5 20) eet Cys). 


Triphenyltin hydride 





Triphenyltin hydride was prepared according to the 
procedure of Kuivila (73) with modification. Lithium aluminum 
hydride (1.56 g, 0.04 mole) and triphenyltin chloride (38.50 g, 

0.10 mole) were added to anhydrous ether (150 ml) in a three necked 
flask equipped with a dropping funnel, a stirrer, and a reflux 
condenser equipped with a balloon filled with nitrogen gas. The 
mixture was stirred for 15 minutes and then at room temperature 
for:3 hr. It was then cooled to 0° and ice cold water (100 ml) was 
added slowly. The ether layer was washed with two portions 


(100 ml) of ice cold water and dried over magnesium sulfate, After 
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evaporation o1 ether , the crude product was distilled very rapidly 
in vacuo using an oil bath pre-heated to 200°. The yield amounted 


to 29 g (85%): bp 164-168 (0.5 mm) flit. (73) bp 162-168° (0.5mm)]. 


Peroxide-initiated reaction of f-acetoxy-f-methylbutyraldehyde, 5. 








(Reactions 1-15). 


A. (Reactions 1-6) An accurately prepared solution of 5 
(0.7 M) in benzene (10 ml) was divided into two equal portions. 

The first portion was transferred to an ampoule containing benzoyl 
peroxide (100 mg, 0.40 mmole), degassed in the dark, sealed under 
vacuum and allowed to stand in a constant temperature bath at 75° 
for 3 days. The second portion was stored in the refrigerator to 
serve as a control. 

After being cooled to 77K the ampoules were opened and 
bromobenzene (117 mg, 0.74 mmole) was added as a glpc standard. 
Glpe analysis (model 1520, 10' Ucon Polar 80°) indicated the 
presence of unreacted starting material, acetic acid, t-butyl acetate 
and iso-butyl acetate in quantities shown in MablevL. | ingsepar ate 
experiments authentic samples of the products were subjected to 


the same reaction conditions and were found to be completely stable. 


Be (Reactions 11, 13 and 15) Accurately prepared solutions of 
5 (1.07-5.02 mmole, see Table IJ) in chlorobenzene (10 ml) were 
divided into two equal portions by transferring 5 ml aliquots into 


ampoules containing benzoyl peroxide (100 %mes 0.4 mmole), The 
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second portions were stored as controls. The ampoules were 
degassed, sealed, and immersed in a constant temperature water 
bath at 75° for 3 days. 

Glpc analysis on two columns (model 1520, 10' Ucon Polar 
an celles a6. 70°) indicated that all samples contained unreacted 
starting material, t-butytiacetates iso-butyl acetate, and acetic 
acid (except in reaction 15). In order to separate all the compounds 
present in the reaction mixture, a 10' SF-96 column was used to 
analyse t-butyl acetate and asio-buty lyacetete y= All’ other products 
were analysed with a 10' Ucon Polar column. Less than 50% of the 
starting material was accounted for as products and unreacted 
aldehyde in any reaction (Table II). Decarbonylation of a concentrate? 


Solution of compound») (7.4 NM) was also carried.out, t{-Butyl acetate 


and acetic acid were identified as the products yielded in te reaction. 


Cc (Reactionss(-l0 912) ancel4)s Lhese were.done under the 
Same conditions as in section B (reactions 11, 13, and 15) except 
that benzene was used as the solvent. 

Glpc analysis on four columns CrhocdeliGVe elo mUicomelolais, 
145296, 6 1/2" SF -96,and 13) SH=30)\showed the presence of 
g-methylcrotonaldehyde in addition to the products obsenvedan 
reactions 11, 13, and 15. Again, t-butyl acetate and iso-butyl 
acetate were analysed with a 13' SF-96 column and other compounds 
were analysed with a 13' Geen Polar column. £-Methylcrotonaldehyde 
and the unreacted aldehyde, 5, were collected by glpc from reaction 
7 and their ir and nmr spectra were found to be identical to the 


spectra of the authentic compounds. Reaction 10 was again analysed 
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Dyeelpen(maodels|! 200), 10 GE 305 10) Sk-96) connected to an ALE. I, 
MS12. Mass spectra of the product peaks were found to be identical 
to authentic compounds analysed under the same conditions. 95%, 
98%, 94%, 91%, 62%, and 55% of the starting material were found as 
products and unreacted aldehyde, Pe Pigmeactlone ( Ome) mn Onan ce, 


and 14 respectively (see Table II). 





Peroxide-initiated reaction of 6-acetoxybutyraldehyde, (6). 
(Reactions 16-18) 

These were done in exactly the same way as reactions ll, 
iS wand, | > except that’ the concentrations of the aldehyde were 
different (see Table III). 

Crotonaldehyde , acetic acid, and iso-propyl acetate (see 
Table III) were shown to be present by glpc analysis on two columns 
Cadel Giver lo Ge-Jo,, o-l/2 Ucon Polar). Lhe order of elution 
was iso-propyl acetate, crotonaldehyde, acetic acid, and the unreacted 
aldehyde in the 6 1/2' Ucon Polar column. Reaction 16 was also 
analysed by glpc (model 1200, 10' SF-96) connected to an A.E.I. 
MS12. Mass spectra of the product peaks were found to be identical 
to those of authentic compounds. Reactions 16-18 were then 
combined, concentrated, and collected for crotonaldehyde by glpc 
(modeliG.y , O° l/2' Ucon Polar). The nmr spectre ot the collected 
sample and the authentic material were found to be identical. 78% , 
79%, and 88% of the starting aldehyde was accounted for as products 


and unreacted starting material in reactions One eee nal oe 
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respectively. 


Photo-initiated reduction of 1-chloro-2-methyl-2-propyl acetate, (7), 





with triphenyltin hydride. (Reactions 19-22) 





A: Aliquots, > ml or accurately prepared solutions of the 

-2 
eHloride , i (O0g19 ~91..34 x10 eM scegl able 1V).in n-pentane M0 mil) 
were added to ampoules containing azobisisobutyronitrile (ca. 4 mole 


foe eur henvltin hydrides alin eae een lG.- 


M). The other 
Saoleportions were stored in the refrigemator sas controls....The 
ampoules were degassed and sealed in vacuo and were then immersed 
in a constant low temperature bath maintained at 0° and irradiated 
for 7 days by a 300-W projector lamp. 

Glpc analysis on two columns (model GV, 13' SF-96 and 
6 1/2' Ucon Polar) showed that t-butyl acetate and unreacted chloride 
were present in the reaction mixture. The order of elution on both 
columns was n-pentane, t-butyl acetate and unreacted chloride 7. 
Reactions 19-22 were combined, concentrated, separated by glpc 
and collected into an infrared cell equipped with a frustrated internal 
reflection optical flat (used to obtain spectrum even with extremely 
small amount of sample). The infrared spectra of the product and 
starting acetate were identical to those of authentic compounds 
analysed under the same conditions. The starting acetate, 83%, 


was accounted for as t-butyl acetate and unreacted acetate 7 in 


reaction 20 (see Table IV). 
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In°separate experiments , t-butyl acetate and iso-butyl 
acetate were subjected to the similar reaction conditions (400-W 
clear tungsten bulb at 5° for 7 days) and were found to be completely 
stable, t-Butyl acetate (105%) and iso-butyl acetate (100%) were 


recovered after the reactions. 


By. AY300°m! aires necked flask was equipped with a reflux 
condenser, a nitrogen inlet and outlet tube, anda magnetic stirring 
bar. Into the flask was placed the acetate, te (U0 eo Oe O0Vempicle)s 
AIBN (11.6 mg, 0.07 mmole), and n-pentane (50 ml). Triphenyltin 
byduidel (27215 19,7 0. 00.7 mmole)iin n-pentane (200 ml) was added 
dropwise at a rate of two drops per minute. The flask was 

immersed in a bath maintained at 20 the nitrogen sweep was begun, 
the stirrer was started, and irradiation by 400-W ae tungsten 
bulbswes commenced, This was allowed to react for five days. 
whereupon the reaction mixture was analysed by glpc (model GV, 


Gelpce Uconwe olar): t-Butyl acetate and unreacted acetate, 7, were 


found tombe present in the reaction mixture, 


Photo-initiated reduction of 1-chloro-2-propyl acetate,(8), with 








triphenyltin hydride. (Reactions 23-26) 





These were carried out in the same way as reactions 19-27. 
Mga uots:, Semil) Ofte chloride > oOo lonx TOS M) in n-pentane (10 ml) 
solutions were added to ampoules containing various concentrations 
of triphenyltin hydride (1.01 - 27.67 x 10° M), see Table V, with 


azobisisobutyronitrile (ca. 4%). The other 5 ml portions were 
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stored as controls. The ampoules were degassed and sealed under 
vacuum asibefore. They were then irradiated at 0° for 7 days by a 
300-W projection lamp. Glpc analysis on two columns (model GV, 
13' SF-96 and 6 1/2' Ucon Polar) indicated the presence of iso-propyl 
acetate and unreacted chloride. The starting chloride, 97%, was 
accounted for as iagearors acetate and unreacted starting material 


in reaction 23. 


Attempted peroxide-initiated reaction of acetic acid and iso-butylene. 


— 





An accurately prepared solution of bromobenzene (65.9 mg, 
0.42 mmole), acetic acid (44.0 mg, 0.63 mmole),and benzoyl 
peroxide (0.1 mg, 0.4 mmole) in benzene (15 ml) was placed in 
a 100 ml round bottom flask with a break seal. The solution was 
degassed in the dark, and iso-butylene (0.74 mmole, its volume was 
measured by a TUpler pump) was transferred into the flask which was 
sealed and immersed in a constant temperature bath at 75° for 3 days. 

The gaseous material in the reaction mixture was measured 
by a Tbpler pump and then analysed by mass spectrometry. iso- 
Butylene and carbon dioxide were identified as the gases present 
and 121% of the starting iso-butylene was recovered. Glpc analysis 
(model GV, 6 1/2' Ucon Polar) of the liquid part of the reaction 
mixture showed that acetic acid (108%) was recovered, and that no 


other compounds were present. 
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without AIBN. 

Uhesreaction Mmixtupecawene prepared in exactly the same 
way as reactions 19-22 without the addition of AIBN. The ampoules 
were then irradiated by ultraviolet light (quartz ampoules were used) 
or a 300-W projection lamp at various temperatures for 2-3 days. 
Glpc analysis (model GV, 13' SF-96) showed that no reduction of the 


acetare,, /, occurs and all the starting acetate was recovered. 
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